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Abstract 
In order to improve the productivity and quality of round bar products, the finishing area of the round bar mill was revamped at 
Kobe Works, Kobe Steel Ltd. in 2011. Various pieces of equipment were newly installed, such as a high-speed rotary 
straightener, a magnetic leakage flux testing system and an ultrasonic testing system. Among them, the straightener was the key 
device and was expected to soon be in actual operation. In addition, it was necessary for this straightener to correct the round 
bar shape of the product, widening its diameter from 17 to 80 mm more than the conventional one.To decide the proper setting 
of the roll gap, the roll skew angle and the rotation speed of the top and bottom rolls of the straightener, a simple 3-point 
bending model was applied, and the inside of the working straightener was observed by an infrared camera.This paper 
describes the synergistic effect of the above mentioned three straightening factors and the applied result of these straightening 
conditions in actual operation. 
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1. Introduction 
Various grades and sizes of steel round bars are produced in Kobe Works at Kobe Steel Ltd. Three devices for 
straightening the rolled round bars, Nos. 1, 2 and 3 rotary straighteners [1], were installed in the finishing area of 
the hot rolling round bar mill. In 2011, Nos. 1 and 2 straighteners were merged, resulting in lower maintenance 
costs, higher labor productivity and other advantages. It was indispensable to this update that the new rotary 
straightener should cover a wide range of round bar dimensions and be put in actual operation instantly. Therefore, 
three straightening factors, the roll gap, the roll skew angle and the ratio of the rotary speed of the top roll to the 
bottom roll have been studied by an analysis of the states of bending and threading of round bars between the top 
roll and the bottom roll. 
This paper describes the synergistic effect of the three straightening factors and the applied results of the 
clarified straightening conditions in actual operation. 
2. Outline of rotary straightener and basic stance of  straightening condition 
The specifications of the newly installed rotary straightener are shown in Table 1. This device consists of a 
single stand with two rolls and corrects the curve of the round bar by threading between the turning top and bottom 
rolls. The states of the bending and the threading of a round bar between the top roll and the bottom roll are shown 
LQ)LJ7KHGHIOHFWLRQRIWKHURXQGEDULVGHWHUPLQHGE\WKHVNHZDQJOHVșTșB and the roll gap. The path of the 
URXQGEDULVGHFLGHGRQWKHVNHZDQJOHVșTșB, the rotary speeds VT, VB of the top and bottom rolls respectively 
and the position of the guide plates.  
Table 1. Specifications of newly installed rotary straightener. 
Type Single stand of 2 roll 
Round bar dimension ( diameter/ length) / mm 17-80 / 3500-8000 
Roll DiameterBarrel length  / mm 480, 610 
Profile Concave pattern 
Skew angle range / degree 25.0-32.5 
Round Bar
Path
Top roll
Bottom roll
Bș
BV
Tș
TV
Guide plate
Top roll
Bottom roll
Round Bar
Path
Roll gap
㻌
Fig. 1 (a) States of bendingand (b) state of threading of round bar. 
It is necessary to properly set the straightening conditions such as the roll gap, the skew angle, the rotary speed 
of the top and bottom rolls and the positions of the guide plates for straightening a round bar to avoid surface 
defects. These straightening factors are respectively related to the bending and the threading states of a round bar. 
The straightening condition of the rotary straightener has been accomplished by the following procedure.  
The skew angle of the top roll and the roll gap at the roll barrel center are decided to deflect round bars properly. 
The skew angle of the bottom roll is determined to prevent a round bar from wavering intensely at the entry or 
delivery side of the rolls. 
The rotary speed of the top and bottom rolls and the position of the guide plates are fixed for a round bar to avoid 
hard contact with the guide plates. 
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3. Quantification of straightening condition 
3.1. Analysis of bending state 
The change of the straightener roll profile with the skew angle is shown in Fig. 2. 
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Fig.2.  Change of roll profile along path of round bar. (a) Top rolland (b) bottom roll. 
A three point bending model [2] is used to estimate the bending state of the round bar as shown in Fig. 3(a). The 
bending span L is determined by the skew angle of the top roll, and the deflection of the round bar depends on the 
amount of the uplift of the bottom roll, namely the roll gap at the center of the roll barrel. Assuming, for easy 
modeling, that the roll gap equals the diameter of the round bar, the round bar causes the biggest bend. As shown 
in Fig. 2(a), when the skew angle of the top roll grows large, the deflection and the span of the round bar become 
small. On the other hand, the clearance grows large in proportion to the skew angle of the bottom roll. 
The definition of the plastic deformation ratio and the coordinate system for calculating the plastic deformation 
ratioK , and the deflection cG , are shown in Fig. 3(b). In this figure, the hatched area is the plastic deformation 
region, and K  is defined as the ratio of the plastic deformation region to the cross section area of the round bar. 
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Fig. 3.  Modeling for analysis of bending state. 
Assuming the bar curvature N , the strain distribution zcH , the stress distribution zcV , the bending moment M , 
and the plastic deformation ratio K  in the cross section of the round bar are expressed, 
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where  ERa Y NV , R , HEY ,,V is the radius the yield stress, Young’s modulus and the work hardening 
ratio of the round bar, respectively. 
From the Eq. (1), the deflection cG  and the curvature cN at z=0 of the round bar can be written 
 cc w N G ,  (2) 
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where w  is the already known function. 
From Eq. (2), the relation between cG  and K  can be calculated as shown in Fig. 4.  
 
 
 
 
 
 
 
 
 
Fig. 4.  Relation between diameter,deflection, yield stress and plastic deformation ratio. 
3.2. Analysis of bending state 
The coordinate system to analyze the bending state of round bar is shown in Fig. 5. The path of the round bar 
changes according to the differences between the top and bottom roll diameters, rotary speeds and skew angles. 
 
 
 
 
 
 
Fig. 5. Coordinate system for formulation. 
The threading speed V  and the argument from z axis of the round bar) are given by, 
     TTBT TTTT )TTS  sinsincoscostan,cos21 2 DDDDNDVVV BTTBBT , (4) 
where    TTBB NDNDD   is the path adjusting parameter. 
4. Proper setting of rotary straightener to get straight bar 
4.1. Experimental method 
To decide the proper skew angles to get round bars of good shape for all the grades and sizes of the product bars, 
the following experiment has been carried out using an actual straightener. The experimental conditions are shown 
in Table 2. The round bars were straightened by the straightener, and after that, their straightness was examined 
and classified by the inspection operator by comparing it with the inspection standard for shipping qualifications.  
Table 2. Experimental conditions. 
Round bar Diameter / mm 20-42 
 Yield stress / MPa 490, 830 
Skew angle range (top / bottom roll) / degree 29.8-32.5 / 29.5-32.5 
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4.2. Results and discussion 
The results of the actual experiment are shown in Fig. 6. The classification results are plotted in relation to the 
size of bar and the plastic deformation ratio.  
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Fig. 6. Experimental result. (a) Yield strength˖490MPaand (b) yield strength˖830MPa. 
The classification result of the round bar straightness is bad when the plastic deformation ratio given to the bar 
is low, and the result turns good when the plastic deformation ratio is larger than 40%. To get a straight round bar, 
the skew angle of the top roll has to be set for the plastic deformation ratios to be more than 40%. 
5. Proper setting of rotary straightener to get bar without surface defect 
5.1. Observation of straightening operation 
To get a defect-free round bar product, it is important to prevent the bar from wavering intensely at the entry or 
delivery side of the rolls and to avoid hard contact between the bar and the guide plate inside the straightener.  
Firstly, observation at the entry side of the straightener revealed that the round bar would not be set into the 
straightener with a small entry roll gap and would wave intensely at the entrance with large roll gap. So we decided 
to set the skew angle of the bottom roll to make the entry roll gap proper for the straightening operation. Secondly, 
the observations inside the working straightener were carried out using an infrared camera to confirm the contact 
condition between the round bar and the guide plate as shown in Fig. 7. These observations revealed that the bars 
would not advance into the straightener with a small gap between both guide plates, and that the round bars were 
not well straightened with a large gap. As a result, the proper guide plate position was decided. Finally, the rotary 
speed of the top and bottom rolls had to be determined. 
Bar
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Fig. 7.  Observations inside straightener. 
5.2. Experimental procedure 
The proper rotary speeds of the top and bottom rolls should be chosen so that the round bar advances inside the 
straightener without hard contact to the guide plate so as not to damage the bar surface. To decide the rotary speed 
of the rolls, the following experiment was carried out.  
The experimental conditions are shown in Table 3. The round bars were straightened, and after that, their 
surface defects were examined and classified by the inspection operator. 7KHDUJXPHQWĭLVWKRXJKWWRGHWHUPLQH
the direction of the movement of the round bar in the straightener:KHQWKHDEVROXWHYDOXHRIĭLVODUJHWKHEDU
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movement is thought to have a lateral velocity component and thus to induce the surface defects of the bar as a 
consequence of hard contact to the guide plate. Therefore, rotary speeds of the top and bottom rolls were adjusted 
IRUĭWREHLQWKHYLFLQLW\RIUDQJLQJIURP-1.5 to 3.0 degrees. 
Table 3. Experimental conditions. 
Round bar Diameter / mm 35,36,42 
Yield stress / MPa 294, 588, 822 
Skew angle range (top / bottom roll)/ degree 30.0-32.5 / 29.5-32.5 
Argument range / degree -1.5 to 3.0 
5.3. Results and discussion 
The results of the actual experiment are shown in Fig. 8. The classification results of the surface defects are 
plotted in relation to WKHVL]HRIEDUVDQGĭ 
WheQĭLV LQ WKHYLFLQLW\RI harmful defects are not found on the surface of the product bar. On the other 
hanGZKHQWKHDEVROXWHYDOXHRIĭ is out of the vicinity of 0, harmful surface defects were found.  
On the other hand, from the viewpoint of getting straight product bars, it is desirable for the straightened round 
bars to take a constant path in the straightener:KHQĭWDNHVWKHYDOXHRIWKHSDWKRIa round bar varies between 
the right and left guide plates in the straightener. In such a case, the straightness of the product bars does not 
EHFRPHVWDEOH6RWKHURWDU\VSHHGRIWKHWRSDQGERWWRPUROOVVKRXOGEHDGMXVWHGVRWKDWĭWDNHVa small value, 
either positive or negative, in the vicinity of 0, after consideration of the wear condition of both guide plates. 
 
 
 
 
 
Fig. 8.  Experimental result. 
6. Conclusions 
Kobe Steel introduced a new 2-roll rotary straightener to the bar rolling mill in Kobe Works. A study of bar 
straightening conditions from a simple 3-point bending model was conducted, observations inside the working 
straightener with an infrared camera were carried out, and the proper setting conditions for this new straightener 
were decided as follows, for the roll gap, the roll skew angle and the rotation speed of the top and bottom rolls. 
(1). To straighten round bars into good shapes by a 2-roll rotary straightener, it is necessary to set the proper angle 
of the top roll to obtain an over 40% plastic deformation ratio of the round bar.  
(2). The skew angle of the bottom roll should be adjusted to take the proper roll gap at the entrance of the 
straightener.  
(3). To avoid surface defects on the bar in the straightening operation, it is necessary to set proper rotation speeds 
of the top and bottom rolls to obtain the proper bar movement direction in the straightener.  
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